Introduction
The prevalence of non-dialysis chronic kidney disease (CKD), defined as an estimated glomerular filtration rate (eGFR) <60 ml/min per 1.73m 2 , is markedly higher in elderly populations [1, 2] . In Japan, the elderly population; i.e., those aged 65 and over, accounted for 25.8% of the total population in October 2010, and this will increase to 30.5% by 2025 [3] , predicting a further increase in prevalence is occurring among those aged 65 years and older. Across three databases, the Kidney Early Evaluation Program , National Health, Nutrition Examination Survey, and Medicare, the prevalence of CKD in the elderly population (aged> 65 years) was approximately 44%, with the highest representation observed in those aged 80 years and older [4, 5] . It is also estimated that the number of elderly patients with treated end-stage renal disease (ESRD) has almost doubled in the past 25 years [6, 7] . A recent report has dealt with geriatric nephrology, including epidemiology and pathophysiology of CKD [8] , attempting to get nephrologists to pay more attention to elderly CKD patients.
CKD is diagnosed in healthy elderly subjects whose renal function is below the normal range (60 ml/min per 1.73m
2 ). However, it is difficult to know the anatomy of the kidney change with natural aging in the absence of CKD. It is important to emphasize that even though the aged kidney has a decreased GFR, it differs in many ways from that in patients who are commonly affected with many causes of kidney diseases (Table 1) . Healthy, very old persons older than 85 years and patients with stage 3 CKD share two main physiological characteristics: a similarly low GFR about 50 ml/min per 1.73m 2 , and a diminished ability for salt and water reabsorption from the renal tubule. However, despite these similarities, the aged kidney and chronically damaged one differ markedly in a number of physiological aspects as previously described [9] . With living kidney donation there is a need to clarify what is normal for the age of the kidneys. Alive kidney donors provide a unique opportunity to study the impact of loss of renal parenchyma compared to normal aging. The aims of this article are to summarize the morphological and functional properties of the aging kidney, and to better understand nephrology care for elderly CKD patients. Table 1 . Diseases commonly affected the aging kidney metabolic defects and obesity.
The age-related findings on light microscopic evaluation of kidney biopsies can be divided into two groups: (1) nephrosclerosis including glomerulosclerosis, tubular atrophy, interstitial fibrosis, and arteriosclerosis) and (2) morphometric analysis of microanatomy such as measuring glomerular size. Previous studies had shown an increased proportion of globally sclerotic glomeruli with aging [13] [14] [15] . The glomerulosclerosis that occurs with aging has an ischemic appearance with tuft collapse and intracapsular fibrosis, suggesting a primary vascular origin for the lesions. Some functional glomeruli show ischemic capillary wrinkling of tufts, thickening of basement membranes, and mild intracapillary fibrosis, all of which are precursors for glomerulosclerosis. Over time, shrinkage of the glomerular tufts with sclerosis and collagen deposition filling Bowman's space develops [16] . Besides glomerulosclerosis, increased arteriosclerosis, medial hypertrophy, and arteriolar hyalinosis occur with aging [15] . As a result of the sclerosis of juxtaglomerular glomeruli, formation of a direct connection is established between afferent and efferent arterioles that bypasses the tuft [17] . Tubular atrophy with surrounding areas of interstitial fibrosis increases with aging.
Functional changes in renal function with aging
In the Baltimore studies Lindeman et al. [18] reported the results of the longitudinal studies concerning the rate of decline in renal function with age. In a total of 254 presumably normal men were studied with serial creatinine clearance (Ccr) was studied over a 5-to 14-year period. The average decline of Ccr was 0.75 ml/min/year. As many as 1/3 of the subjects showed a stable Ccr over time. This study has been widely cited to challenge the concept that the decline in renal function with age is inexorable.
Many years later, the controversy regarding the inevitability of the decline in renal function with aging was evaluated by Fliser et al. [19, 20] . These authors suggested that the elderly population was hetereogenous -some have a decline in GFR explained by diseases that complicate aging such as arteriosclerosis with hypertension, whereas in most of healthy adults the decline in GFR is much more modest and not inevitable. Fliser et al. also proposed that the renal functional changes accompanying aging might be the consequence of an 
Morphological changes of the aging kidney
The kidneys are affected by the aging process, which results in numerous effects on the renal system [10] . Renal mass decreases between the ages of 30 and 80 years, with the steepest decline observed after age 50 [11] . Fat and fibrosis scarring, which may replace some parenchymal tissue, occurs primarily in the renal cortex ( Figure 1 ) and scarring affects the nephrons that are important for maximal urine concentration. Even in normal aging kidneys, 30% of the glomeruli are destroyed and display diffuse glomerular sclerosis by age 75 [12] , and the remaining glomeruli exhibit impaired filtering ability. The results from aging studies in animals and humans suggest that diverse factors contribute to the scarring process, such as tissue ischemia, injury, hypertension, altered responsiveness to vasodilators and vasoconstrictors [21] . This thesis is based on observations that the filtration fraction increases with aging, due to a disproportionate fall in renal plasma flow relative to GFR. The filtration fraction apparently doses not begin to increase until after the age of 60 or 70 years, yet the decline in GFR begins at age 30-40 years.
Hollenberg et al. [22, 23] reported an interesting study from an island-dwelling indigenous population which is remarkably free of the cardiovascular (CV) disease commonly affecting the elderly in non-island Panamanians. This cohort failed to show show any progressive increase in blood pressure with age. Both GFR and renal plasma flow decline with age in the Kuna Indians -the slope of renal plasma flow and GFR relative to age was greater in the Kuna Indians compared with age-matched residents of Boston. This is one of the few studies that potentially disassociate the diseases of aging that are often attributed to a modern lifestyle from the renal function changes accompanying normal senescence. Moreover, several investigations have been reported on potential changes of renal function in living kidney donors of kidney allografts [24, 25] . Since kidney donors are rigorously evaluated to ensure no abnormalities before donation. In these individuals a progressive decline in GFR with age even after excluding donors with CKD or CKD risk factors.
Creatinine is the endogenous marker that has been widely used for estimation of renal function. The Cockcroft-Gault formula [26] , which estimates Ccr without adjusting body surface area, and the modification of diet in renal disease (MDRD) formula, which estimates GFR adjusted to standard body surface area of 1.73m
2 [27] are the most studied serum creatinine-based equations. A newer modification of the eGFR known as the CKD-EPI equation [28] uses the same variables as the MDRD equation but was developed using a more diverse sample of patients. The Japanese Society of Nephrology proposed the creatininebased equations for Japanese [29] . The inclusion of age and gender as variables is to provide surrogacy for anticipated endogenous creatinine production rate, which inevitably declines with age due to loss of lean body mass [30] . Figure 2 shows a representative study of eGFR using MDRD equation in normal kidney donor [25] , indicating that the mean value for eGFR is about 105 ml/min per 1.73m
2 for 18-to 24-year-old men and 102 ml/min per 1.73m 2 for 18-to 24-year-old women. The mean eGFR declines to about 80 ml/min per 1.73m 2 and 78 ml/min per 1.73m 2 in 65-year-old men and women, respectively. These values for normal eGFR in aging population have important implications for the diagnosis of CKD in the elderly [31, 32] . Since the NKF-KDOQI proposed the classification and staging schema for CKD [33] , CKD has since been diagnosed on the basis of an isolated Nitta/Okada/Yanai/Takahashi: Aging and CKD eGFR value <60 ml/min per 1.73m 2 . In the eGFR 45-59 ml/min per 1.73m 2 range for healthy adults, the MDRD equation underestimates mean eGFR by 25% and the CKD-EPI equation underestimates mean GFR by 16% [34] . This bias may lead to misclassifying healthy older persons as having CKD. With current criteria, the great majority of subjects diagnosed as having CKD stage 3 are over 65 years of age [35] .
The risk of ESRD in the elderly with CKD
Elderly patients have become prevalent also in nephrology clinics [36] [37] [38] . This epidemiological finding is critical for three reasons. First, nephrologists represent the main reference of care for patients with overt non-dialysis CKD. Second, the number of elderly patients referred to a nephrologist has significantly grown in the past decade [39] . Third, worldwide patients followed in the nephrology setting are characterized by more advanced renal disease and higher burdens of CVD comorbidities as compared with unreferred patients [40] [41] [42] [43] [44] .
In spite of the changing epidemiology of non-dialysis CKD in nephrology clinics, no prognostic information has thus far been provided on the elderly patients under nephrology care. This gap of knowledge is particularly important because many elderly patients, unreferred or newly referred to nephrology clinics, do not follow an inexorable course to ESRD because they commonly die before reaching ESRD [45] [46] [47] . It is also still unknown whether and how age influences the predictive role of other risk factors for ESRD and death in referred as well as unreferred patients. Nicola et al. [48] have recently reported the modifying effect of age on the competing risk of ESRD vs. death and on the predictive role of the main risk factors in a cohort of patients with non-dialysis CKD under stable nephrology care. In their cohort, the rate of combined end point of ESRD and death without ESRD more than doubled in patients over 75 as compared with younger patients, and this risk excess went along with a steep increase of death. Age modified the risks of the two competing end points depending on the eGFR level.
Indeed, while the risk for ESRD surpassed death risk independently from eGFR up to 60 years of age, the risk of death without ESRD tended to prevail in older age strata. However, ESRD still represented the more frequent outcome not only in elderly patients with stage 5 CKD, but also in those with less severe kidney disease, as it was the case in patients in the 65-75 years stratum with eGFR in the 20-35 ml/min per 1.73m 2 range [48] . These findings complement the analysis by O'Hare et al who compared the crude incidence rates of ESRD and death in a large cohort of US Veterans with CKD stages 3-5 CKD [46] . In that cohort, the incidence of death was fivefold greater than that of ESRD, and the eGFR thresholds marking a greater ESRD risk vs. mortality were much lower than the cohort reported by Nicola et al [48] . In particular, in middle-aged patients (45-65 years) rates of ESRD surpassed mortality only if eGFR was <30 ml/min per 1.73m 2 , and the same occurred for patients aged 65-75 years exclusively when eGFR was <15 ml/min per 1.73m
The effect of age on the fate of CKD patients does not represent the only critical issue in contemporary geriatric nephrology research, and in clinical practice as well; attention in fact has been recently drawn to the gaps of knowledge on age-related differences in the mechanisms and pathways that contribute to progression to ESRD and mortality [2] . This information is essential to better delineate the risk profile, and preliminary to the identification of therapeutic goals, in elderly patients. Nicola et al [48] found that in the early stages of CKD, the presence of higher proteinuria significantly increased the risk of ESRD in older patients, suggesting that the kidney of elderly patients is more vulnerable to the 'nephrotoxic' effects of proteinuria due to the greater degree of renal fibrosis and ischemia [49] . To our knowledge, only one study has evaluated the impact of overt proteinuria by according to age on ESRD in tertiary nephrology care [38] . They found that overt proteinuria is associated with ESRD in elderly patients; but their analysis is limited by the low number of risk factors included in the Cox analysis, the inconsistent definition of overt proteinuria, and, more importantly, by the retrospective design and the small sample size.
CVD in elderly CKD patients
While the CKD epidemic grew, evidence emerged that even mild degrees of renal dysfunction are associated with increased risk of cardiovascular morbidity and mortality [50] . This association has led to the suggestion of a causal relation between CKD and cardiovascular disease, and consequently the CKD epidemic has been recognized as a major public health issue that may substantially challenge global healthcare resources [51] .
To date, the type of relationship between CKD and CVD is unclear, and this poses two key questions. First, is age a confounding factor that links CKD to CVD via either (i) over-inflating the recognition of CKD, as discussed previously, or (ii) by representing an independent CVD risk factor? It is obvious to note that age is one of the most powerful predictors for all-cause mortality and for CVD mortality in particular. Second, is the relationship between CKD and CVD a primary (i.e. renal disease is a causal factor of CVD) or secondary association (i.e. both act as different manifestations of a common determinant)? Thus, it is tempting to speculate that there may be an association between demographics and CVD outcomes in patients with CKD. Patients with less severe degrees of renal impairment seem to be at increased risk of CVD, and they may represent an ideal target for secondary and tertiary preventive initiatives. As CKD and CVD are more frequent in the elderly, the possibility that an age-related process could be the unifying factor that associates CKD and CVD should be investigated.
An analysis conducted on more than 2 500 000 US veterans showed that a mildto-moderate reduction in eGFR was not associated with an increase in CVD mortality in individuals over 65 years of age [52] . The same results have been recently confirmed in a community based elderly population (≥75 years of age): both men and women with an eGFR between 45 and 59 ml/min per 1.73 m 2 showed no differences in all-cause and cardiovascular mortality when compared to individuals with an eGFR >60 ml/min per 1.73 m 2 [53] . These findings suggest that individuals with eGFR values of 45-59 ml/ min per 1.73 m 2 mainly include those with age-related kidney dysfunction rather than with 'real' CKD predisposing to CVD.
Renal replacement therapy (RRT) in the elderly population
The decision to initiate RRT in the elderly is complicated by more challenges than in younger patients. Beyond geriatric syndromes, elderly patients more likely face problems with nonmedical barriers, including limited transportation, family support, and income, furthermore, the elderly also have more frequently cardiovascular and overall comorbid conditions as well as reduced life expectancy compared with younger patients [54, 55] .
Timing of dialysis initiation must be considered. The IDEAL (Initiating Dialysis Early and Late) study found no benefit for early initiation [56] , and another study suggested that in the elderly it may even be associated with harm, perhaps because of accelerated loss of residual renal function [57] . Therefore, it becomes important to provide patients and families with prognostic information regarding timing of initiation, further complicated by assessing the competing mortality risk (likelihood of death in some elderly before ESRD is reached) [58] .
A recent clinical practice guideline aims to provide aid in the decision when to initiate dialysis [59] . Shared decision-making, wherein patient values and preferences are strongly considered, is emphasized [59] . Advanced care planning is improved by identifying the patient's preferences and by using specific documents (i.e., Physician Orders for Life-Sustaining Treatment) [59] . The guideline emphasizes communication skills for breaking bad news and conflict resolution [59] . Time-limited dialysis trials are useful in cases with uncertain prognosis or no consensus [58] [59] [60] .
Some patients with ESRD do not wish RRT. A non-dialytic strategy known in Europe as maximum conservative management (MCM) may be used [61] [62] [63] [64] . For this intensive approach to CKD a multidisciplinary clinical program is provided staffed by dietitians, social workers, and other support personnel. Patients receive the same care as they do in earlier CKD stages, with an emphasis on supportive, symptomatic care.
Murtagh et al. analyzed retrospectively in a MCM clinic elderly patients above age 75 years [65] . After study criteria were applied, 129 patients were analyzed: 52 who chose dialysis and 77 who chose MCM. None receiving MCM switched to dialysis. Dialysis withdrawal rates and hospice use were not discussed. Dialysis patients achieved a 2-year survival rate of 76% compared with 47% for those receiving MCM. Such mortality benefit was not observed, however, for patients with CVD or high comorbidity.
Despite such potential survival benefit, dialysis may not improve quality of life; among dialysis patients 65% of deaths occurred while they were hospitalized, compared with 27% for those receiving MCM [66] . Carson et al. also reported that dialysis patients lived longer than MCM patients (median survival duration, 37.8 months versus 13.9 months, respectively), but spent more time in or at the hospital (173 days per patient-year versus 16) [67] . Those receiving MCM were four-fold more likely to die at home or in a hospice.
Future directions and perspectives
Numerous metabolic, physiological and pathological factors contribute to the pathogenesis of kidney aging. Repeated tissue inflammation is one of the factors involved in the kidney aging process and underlying disease conditions are important therapeutic targets for the prevention of kidney aging [68] . In addition to these established risk factors and interventions targeting them, e.g., renin-angiotensin system blockade, Kanasaki et al. reviewed in addition, molecules associated with kidney aging as well as potential methods for combating kidney aging [69] .
Calorie restriction consists of established dietary interventions that have been shown to increase both the median and maximum lifespan of a variety of species [70] . The health benefits of calorie restriction have also been demonstrated in primates; calorie restriction in rhesus monkeys blunts aging and significantly delays the onset of age-related disorders, including cancer, diabetes, and CVD [71] . Numerous molecules may mediate the beneficial effects of calorie restriction. Among these calorie restriction-mediated molecules, sirtuin 1 (SIRT1) has a well-established importance in calorie restriction-mediated signaling [72] . Calorie restriction likely enhances SIRT1 activity in most tissues, including the kidneys [73, 74] . In support of this finding, in SIRT1 knockout mice, the beneficial effects of calorie restriction are diminished [74] . SIRT1 transgenic mice display a similar phenotype in response to calorie restriction [75] . The potential SIRT1 activator, resveratrol, may induce a similar transcriptional profile to that of calorie restriction and provide protection against glomerulosclerosis [76] [77] [78] .The significance of resveratrol dependence on SIRT1 activation in renoprotection is, however, controversial [79] . Although the beneficial effects of calorie restriction and SIRT1 activation on halting kidney aging and exptending longevity has not yet been reported in humans, the above evidence indicates that calorie restriction and/or SIRT1 activation may provide a potential clue to combat kidney aging.
The Klotho gene encodes a transmembrane protein and is expressed primarily in the kidney [80] and Kuro-o et al reported that mutations in the Klotho gene in mice resulted in multiple phenotypes of human aging, such as the calcification of soft tissue and vascular walls, hyperphosphatemia, muscle and skin atrophy, and early death. Furthermore, Klotho gene overexpression in mice has been shown to extend life span when compared with control mice [81] . The Klotho gene has vital roles in the regulation of both phosphorus and calcium phosphate transport [82] . Membrane-bound Klotho functions as the obligate coreceptor for fibroblast growth factor (FGF) 23, and any defects in the function of either Klotho or FGF23 in mice lead to phosphate accumulation and premature aging [83] . Patients with CKD eventually suffer premature death not from renal failure, but as a result of the early onset of common aging-related diseases, such as CVD and diabetes [84] . CKD patients exhibit remarkable declines in the kidney expression of Klotho [85] , which is associated with resistance to FGF23 [86] , hyperphosphatemia and vascular calcification -symptoms similar to those of Klotho-deficient mice [80, 81] . These data suggest a significant link between phosphate metabolism and kidney aging. Thus, Klotho deficiency may be a candidate therapeutic target for kidney aging [85] .
Conclusion
In almost every country, the proportion of people over 60 years of age is increasing much faster than any other age group as a result of both longer life expectancy and declining fertility rates. Functional deficiencies in the kidney may be associated with health problems in multiple organs. Therefore, the prevention of kidney aging may be an appropriate approach for combating age-related diseases. Aging kidneys are good candidates for such interventions. There is a possibility that aging process in kidneys is preventable.
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